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High pressure discharge lamp 



The invention relates to a high-pressure discharge lamp, which is in particular 

suited for use in plant growing irradiation. 

Th. absorption of green leaves is strongest in the blue and the red part of the 
spectrum. Photons (quanta) between 400 and 700 mn are determining the rate of 
photosynthesis. As absorption of these photons is the driving force for photosynthesis.a 

spectral quantum yield ofphotosynthesis has been derivedbyMCreeCnie action sp^^^^^^ 
absorptance and quantum yield of photosynthesis in crop plants. Agric. Meteorol. 1971/1972, 
9 191 - 216)and refined by Sager et al.( Light Energy Utilization Efficiency for 
Photosynthesis, Transactions of the ASAE, General Edition, 1982. 25/6. 1 737 - 1746). Hiese 
studies learn that the yield of photosynthesis is high over a large region having relative 
maximamthe blue and the red partofthe spectrum. High intensity discharge lamps withNa 

orKal efficiently emit radiation in particular in the region oftheNaD^ine at 589 nmw^^ 
the absorption of the chlorophyll is strong. Particularly, high-pressure sodium (called SON or 
alternatively HPS) lamps ^ therefore presently used for assimilation lighting m green 
houses SONlampsreachluminousefficaciesbetweenlOOandlSOhn/Wandphotonflux . 

sensitivity up to 1 .9 Mmol/(Ws). High intensity discharge lamps with comparable lummous 
efficacies are lamps onthe basis ofNal and Cel3 fillings, in EP0896 733 ametal-hal^ 
system withNal and Cel3 is described, which can reach efficacies betweer. 130 and 174 
l„^.It.e luminous efficacy decreases when Li is added. InUS6.147.453alampwiti^ 
, Cel3. and Lfl filling is described, which only reaches luminous efficacies between 100 and 
135hnAV. 

For an efficient support of plant growth, lamps must generate hght very 
efficiently in the region where the photosynthetic yield is maximal. 

The main drawback of the known lamp with the filUng comprising the 
5 combinationofNaI.Cel3.andLaisthatitemitsaconsiderableamountoflightinthegreen 
regionofthespectrum,wherethephotosyntheticyieldislowestAlthoughithasahigh 
luminous efficacy,it is less suitable for stimulation of plant growth than lamps on the b^^ 
NaorNal. which emit more efficiently in the red part of the spectrum. Both the lamp witha 
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fiUingc^mprisingNal/Cela and the one comprisingNa,Ce and Li halides ^^^^ 
of being susceptible to demixing phenomena of the filling during lamp operation. 

The main disadvantage of SON lamps is that they emit mainly around 589 mn 
although the plants still absorb photons very efficiently up to approximately 700 mn. The 
conversion of electrical power into photons of SON lamps is therefore not optimal with 
respect to the plant absorption spectrum. 

In literature a lamp for promoting plant growth is proposed having a ceramic 
discharge vessel comprising Hg,LiI in an amount ofbetween0.02to4.2mg/cm^and an 

excess of Li to compensate for effects of corrosion. Due to the relative large amount of Hg 
tiie spectrum of tixe lamp has a relative large quantity of the emitted light in tiie green part of 
the spectrum. This is a drawback as it is not really effective in plant growth. 

According to tiie invention tiie high-pressure discharge lamp has a discharge 
vessel, which besides a buffer gas comprises an excess amount of substantially Lil as metal 
halide or ofamixtureofLiIandNaI,tiie lamp havingacoldest spot temperature Tesdurmg 

normal operation of at least 1200K. Normal operation of tiie lamp is understood m this 
respect stable operation at a lowest power and on a corresponding voltage for which the lamp 
is designed. As buffer gas Hg is frequently used. Besides tiie discharge vessel may compnse 
a ran. gas like Ar. Kx and Xe or a mixture of thereof, which promotes starting and can also 
have a buffer gas capacity. In particular Xe also has a buffer gas capacity witii increased fill 
) pressures. Thedischargevesselcanbemadeofceramicormadeofquartzorquartzglass. 

Ceramic is meant in this respect to be translucent mono or densely sintered poly crystalline 
metal oxide, like AI.O3. Y2O3. YsAlsOn (YAG) and densely sintemi metal nitride, like AIN. 
A 150 W Lil-lamp according to tiie invention witii mercury as buffer gas and a ceramic 
alumina discharge vessel, for instance, emits 15 - 20 % of its radiation in tiie blue region 
5 between400and500mnandabout75%intiieredregionbetween600and700mn. which 

are surprisingly high percentages. Hie emission of the lamp tiius matches tiie absorption 
spectrum ofgreenplants surprisingly very well, which match is much better tiiantiiatofa 
high-pressure sodium lamp, where only up tolO%is emitted in tiie blue region and at most 
about 40 0/0 in tiie red region. THe high percentage ofblue light was in itself unexpected 
JO becausetiiemainlinesofLiareateil and671 mn. respectively. A furtiier surprising 
advantage of tiie lamp according to tiie invention is tiiat no ti-aces of serious corrosion are 
recorded. 

Acoldest spot temperatiireTcs below 1200Kresults in partial vapour pressures 
of Li becoming so low tiiat tiie percentage in tiie blue re^on stiongly reduces and 
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conscuc^ly fte radWon co«ribuSon of the Hg gets more important. The latter however 
,esultsiB.nh.creasingpartoftor.diationbel,««nit.edtathegreenp».ofthesp«^ 

whichishoweverlneafec<ivewithieg»rdtoplaiitgrowth. 

Whereas the use of LB as a filling componertt ge.»raUy tnea^ a reduction of 

the luminous efflcacy (see above), it ^singly turns out that the energy conv^i™ of a 
lamp according to the invention is at least comparable or even better *an to. Ota 
comparable knov™ lamp. ForalSOWlampvrithafillingcomprisingNaorNdtheenergy 
convLon efficacy is about 27 %,.hlchvdueh«,^«.ahnost30%for«»mven.ed 50 

W lamp described above. -Ihis increase is surprising and mrexpeCed. Despite flae tagher blue 
ftactionoftheLispec.rum.a.ephoto„fluxperinputpower(inpmo.(W.s»ofthetavented 
lamp mmed out to be ev«.10% higher than is the case vrtthihe comparable lamp havnga 

fdlingofNaorNal. ~= • . 

The new lamp therefore provides a higher energy and higher photon efficiency 
aswellasaspectrum.whichisbetteradaptedtotheplantabsorptionandphotosyntheuc 

> quantum yield. 

Tl,e above and further aspects of the invention will be explained in more detail 
below with reference to a drawing, in which: 
0 Fig. 1 schematically shows a lamp according to the invention, 

Fig. 2 shows in detail the discharge vessel of the lamp in accordance with 

Fig. 3 shows a spectrum of a lamp according to the invention compared with a 
non-invented lamp. 

25 

Pig 1 showsadischarge lamp according to the invention havingaceramio 

™u Fig. 1 shows . metal haUd. lamp provid«i with a discharge vessel 3 having a ceramtc 
wall whichenclosesadischareespaceUcontaimnganionizablefiUing. Two electrod^ 
30 whoseUpsareatamu,ualdistanceEAa,ear,«,g«)u,.hedischargespace,and.he tscl^rge 

vessel has an internal diameter Di at least over the distance EA. The discharge vessel >s 
closed a. one side by means ofacemmicp^jecdngplug 34, 35 which enclosesacunent 

lead-throughconductor (Fig. 2: 40,41. 50. SDto an electrode 4,5posi.ionedinth.™ 

vessel with.narrowunervening space and is connected to this conductor inagastrght 
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manner by means of a melting-ceramic joint (Fig. 2: 10) at an end remote from the discharge 
space. The discharge vessel is surrounded by an outer bulb 1, which is provided with a lamp 
cap 2 at one end. A discharge wUl extend between the electrodes 4, 5 when the lamp is 
operating. The electrode 4 is connected to a first electrical contact formmg part of the lamp 
cap 2 via a current conductor 8. The electrode 5 is connected to a second electrical contact 
forming part of the lamp cap 2 via a current conductor 9. The discharge vessel, shown in 
more detail in Fig. 2 (not true to scale), has a ceramic wall and is formed from a cylindrical 
part with an internal diameter Di which is bounded at eitiier end by a respective end wall 
portion 32a, 32b, each end wall portion 32a, 32b forming an end surfece 33a, 33b of the 
discharge space. The end wall portions each have an opening in which a ceramic projecting 
plug 34, 35 is fastened in a gastight manner in the end wall portion 32a, 32b by means of a 
sintered joint S. The ceramic projecting plugs 34, 35 each narrowly enclose a current lead- 
through conductor 40, 41, 50, 51 of a relevant electrode 4, 5 having a tip 4b, 5b. The current 
lead-through conductor is connected to the ceramic projecting plug 34, 35 in a gastight 
manner by means of a melting-ceramic joint 10 at tiie side remote from tiie discharge space. 
The electrode tips 4b, 5b are arranged at a mutual distance EA. The current lead-tiu-ough 
conductors each comprise a halide-resistant portion 41, 51, for example in tiie form of a Mo- 
AI2O3 cermet and a portion 40, 50 which is fastened to a respective end plug 34, 35 in a 
gastight manner by means of the melting-ceramic joint 10. The melting-ceramic joint extends 
I over some distance, for example approximately 1 mm, over tiie Mo cermet 40, 41 . It is 
possible for tiie parts 41, 5 1 to be formed m an alternative manner instead of from a Mo- 
AI2O3 cermet Otiier possible const^ctions are known, for example, from EP-0 587 238. A 
particularly suitable construction was found to be a halide-resistant coil applied around a pin 
of tiie same material. Mo is very suitable for use as a highly haUd^resistant material. The 
> parts 40, 50 are made from a metal whose coefficient of expansion corresponds very well to 
tiiat of tiie end plugs. Mb, for example, is for tiiis purpose a highly suitable material. The parts 
40, 50 are connected to tiie current conductors 8, 9 in a manner not shown in any detail. The 
lead-tfirough construction described renders it possible to operate tiie lamp m any burning 
position as desired. 

0 Each of ttie electrodes 4, 5 comprises an electrode rod 4a, 5a which is 

provided witii a coiling 4c, 5c near tiie tip 4b, 5b. The projecting ceramic plugs are fastened 
in tiie end wall portions 32a and 32b in a gastight manner by means of a sintered joint S. 

In a practical embodiment flie ceramic wall is made from alumina and tiie tiius 
formed discharge vessel has a diameter of 4 mm and a lengtti of 36 mm. In fig 3 tiie spectnim 
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of a lamp, of which the metal halide filling substantially comprises an excess amount of 8mg 
Lil is shown with curve 1. Of a comparable non-invented lamp, which filling comprises Nal 
instead of LH the spectrum is shown with curve 2. In both lamps the filling of the discharge 
vessel also comprises 3.8mg Hg as buffer gas and SOOmbar Ar/Kr. The lamp according to the 

5 invention has a coldest spot temperature Tcs during normal operation of 1376K. The coldest 
stop temperature Tcs was directly measured by means of an infirared camera. The spectrum of 
the non-mvented lamp is equivalent to tiie spectrum of an ordinary HSP lamp. From the 
shown spectra it is clear that the blue fi^on in the spectrum 1 of the Lil comprising lamp is 
much higher than in the HPS spectrum 2. It is also clearly shown that the spectrum 1 emits 

10 much more radiation in the region fi-om 600 to 700nm than the spectrum 2. A finther 

advantage of the lamp according to the invention is that its visible lumens are more than a 
factor 2 lower than in case of a HPS or of a Nal comprising lamp of comparable wattage. 
Thus lighting for plant growing, so caUed assimilation lighting, results in less iUumination of 
the surroundings. 

15 The invented lamp described above is used in assimilation lighting in green 

houses. In an experiment the effect on tomato plants, chrysanthemum plants and potted roses 
is investigated. In a first area plants were illuminated with lamps according to the invention 
having a total flux input per unit area of 118 ^unol/s. As comparison in a second area plants 
were illuminated with an HSP lamp having a total flux output of 122 nmol/s. After an 

20 illumination period of only 1 8 hours there was an equal or even a slightly better growing of 
the plants in the first area, in particular with respect to the tomato plants. As the photon 
efBciency of a lamp comprising the filling of Lil is about 15% higher than the photon 
efficiency of a comparable HPS lamp, the assimilation lighting through the invented lamp 
requires less nominal lamp power for achieving equal growmg results. 

25 Comparison of some lamp characteristics of a lamp according to the mvenlion 

with lamps not according to the invention is given below. 

The lamp acconling to the invention has a filling of 3.8mg Hg and Lil. The 
lamp has a nominal power of 150W. The photon flux per unit power of this lamp is 1.5 
junol/(W*s). 

30 For a comparable lamp in which the halide is Nal tiie phton flux per unit 

power is 1.35 ^mol/(W*s). 

A HPS lamp with a nominal powCT of 1 SOW has a photon flux per unit power 
of 1.29 Mmol/(W*s). 
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Copies of the lamp according the invention have been operated for 5000 hours 
without showing any serious corrosion. 



